Results: Lp(a) had a skewed distribution. Median Lp(a) level was significantly raised in cases as compared to controls (median 30.30 vs. 20 mg/dl, p < 0.001). Cases with acute coronary syndrome (ACS, 55.8%) had significantly higher median Lp(a) levels as compared to those with chronic stable angina (35.4 mg/dl vs. 23 mg/dl, p < 0.001). Significant difference in median Lp(a) levels were observed in patients with DVD or TVD versus control (30, 39.05 vs 20 mg/dl, p < 0.008). Lp(a) level was found to be an independent risk factor for CAD (AOR{adjusted odds ratio} 1.018, 95% CI 1.010e1.027; p < 0.001). Analysis using Lp(a) as categorical variable showed that progressive increase in Lp(a) concentration was associated with increased risk of CAD [AOR from lowest to highest quartile (1, 1.04, 1.43 and 2.65, p value for trend ¼ 0.00026)].
Introduction
Coronary artery disease (CAD) has become one of the major killers in developing countries including India. Conventional risk factors have failed to explain the increasing burden of CAD, thus necessitating the need to search for newer risk factors like insulin resistance, thrombogenic factors, infection, inflammation and lipoprotein(a) [Lp(a)]. Lp(a) excess increase the risk of premature CAD 3e100 fold depending on the absence or presence of concomitant risk factors. 1e4 Uninfluenced by age, sex, diet or environmental factors, Lp(a) values are genetically determined by Lp(a) gene located on chromosome 6q26-27 and stable lifelong levels are attained by age of two. 4, 5 Though earlier studies on relationship between Lp(a) and CAD had shown negative results, 6, 7 recently multiple studies have shown that elevated Lp(a) is independently and linearly predictive of future adverse coronary events. 8, 9 Lp(a) levels have shown worldwide ethnic variation with different levels associated with CAD in different populations. Data on levels of Lp(a) associated with risk of CAD from large North Indian population is still lacking, though there are few small studies to suggest its association with CAD. 1,2,10e13 Thus this study was carried out to find out the level of Lp(a) independently associated with risk of CAD in the North Indian population (defined as Hindi speaking population residing from birth in the states of Delhi, Punjab, Haryana, Uttar Pradesh, Uttaranchal or Himachal Pradesh) and also its association with various clinical variables and conventional risk factors of CAD.
Materials & methods
This study is a prospective cross sectional case control study and was approved by the institutional ethical committee. Successive patients of CAD with unstable angina having TIMI risk score of 3 or higher 14 and of chronic stable angina who were referred for coronary angiography were enrolled between January 2010 and June 2012. Selective coronary angiography was carried out using Judkin's technique in all patients. The right coronary artery was considered to be a single artery and the left coronary artery was subdivided into left anterior descending, circumflex and obtuse marginal branches. Observations of diagonals and other small vessel branches were not tabulated. Patients with left main disease were considered to be having double vessel disease. The arteries were judged by visual estimation to be normal, 50%, 75%, 90% and 100% obstructed, according to the maximum obstruction in any projection. According to the results of angiography, the patients were divided into three subgroups; single, double and triple vessel disease (disease defined by obstruction !50%). 150 patients each of single vessel disease (SVD), double vessel disease (DVD) and triple vessel disease (TVD) formed our study group of patients. 150 healthy, controls were selected from the attendants who were not first degree relatives of the patients. Presence of CAD in controls was ruled out by detailed clinical history, ECG, echocardiography and stress tests like treadmill test or dobutamine stress echocardiography if required. An informed consent was taken from all the subjects. Patients with history of recent ST elevation myocardial infarction (<6 weeks), chronic liver and kidney disease, thyroid disorders, stroke, Familial hypercholesterolemia, acute/chronic infections and on therapy with sex hormones or anabolic steroids were excluded from the study. Fasting blood samples were drawn from all the participants of the study (cases and controls) 5 ml of venous blood was withdrawn and serum was immediately separated by centrifugation. The serum was stored at À70
C for subsequent analysis. Total cholesterol, triglycerides and high-density lipoprotein cholesterol were estimated using commercial kits on Beckman CX4 autoanalyzer. Low-density lipoprotein (LDL) cholesterol was calculated using Friedewald's formula. 15 Serum Lp(a) estimation was performed using quantitative Latex-enhanced Immunoturbidimetric test using human Lp(a) kit (Human Gesselschaft, Weisbaden, Germany). Strict external quality control using sera with known values was performed to validate the results.
Statistical analysis
Data has been expressed as mean AE SE for quantitative variables and as frequency (%) for qualitative variables. If quantitative variables followed normal distribution, unpaired students't' test was used for comparing the data between two groups. In case of non-normal distribution, Mann Whitney U test was used to compare distribution between two groups and for more than two groups, Kruskal Wallis test was used. In case of multiple comparisons among the groups, the Bonferroni correction was applied. has a skewed distribution further 10% was added to each group. Hence a minimum of 105 subjects were required in each group. As till date there has been no adequately powered trial to define the Lp(a) level associated with risk of CAD, we wanted to apply multivariable logistic regression to find the independent effect of Lp(a) on CAD .In our model, there were 14 independent risk factors including 3 dummy variables of Lp(a). As application of multivariable logistic regression requires a minimum of 10 subjects per variable (cases or control whichever is less) we decided to recruit 150 healthy subjects as controls and accordingly 150 patients each of SVD, DVD and TVD were enrolled.
Results
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cases and controls (Table 1 ). There was also no significant difference between cases and controls with respect to conventional risk factors for CAD except that diabetes mellitus was present in higher number of cases compared to controls (32.2% versus 11.3% p < 0.001 Table 1 ). 55.8% of our patients had unstable angina at the time of presentation and rest had chronic stable angina. As majority of our patients were established cases of CAD, most of them were on standard doses of lipid lowering drugs [statins (n ¼ 403,89.5%), fibrates (fenofibrate, n ¼ 84,18.6%), ezetimibe (n ¼ 76, 16.8%)] but none were on niacin.
In our study population the various lipid components (total cholesterol, LDL cholesterol, HDL cholesterol triglycerides) and Lp (a) had a skewed distribution. So median along with interquartile range has been provided along with mean (SE). There was no significant difference in LDL cholesterol or triglyceride between cases or controls but HDL cholesterol was significantly lower in cases compared to controls ( Table 1) . The median Lp(a) level was significantly higher in cases compared to controls (30.3 mg/dl versus 20 mg/dl p < 0.001). The median Lp(a) levels showed a trend towards higher values with increasing severity of disease (Table 2) and Bonferroni pair comparison test showed a significant difference in Lp(a) levels between controls and patients with DVD or TVD and between patients with SVD and TVD ( Table 2 ). The Lp(a) level was also significantly higher in patients with unstable angina compared to stable angina (Table 2) . Age, sex, diabetes mellitus, hypertension, smoking, total cholesterol and triglyceride showed no significant influence on Lp(a) level (data not shown). However Lp(a) was significantly higher in cases with LDL cholesterol >130 mg/dl compared to those with LDL cholesterol <130 mg/dl (Table 2) . Table 3 shows the results of regression analysis (univariable and multivariable) using CAD as a dependent variable. Univariate anlalysis showed diabetes mellitus (p < 0.001) HDL cholesterol (p < 0.001) triglyceride (p ¼ 0.04) and Lp(a) (p < 0.001) were associated with CAD. In multivariable regression analysis, we included only risk factors which had a p value <0.25 in univariate analysis i.e. age (p ¼ 0.15) hypertension (p ¼ 0.218) LDL (p ¼ 0.197) and also smoking (p ¼ 0.253) as it was very close to cut off value of <0.25. Table 3 shows the results of multivariable regression analysis in which diabetes mellitus (p ¼ 0.001) smoking (p ¼ 0.015) HDL (p < 0.001) and Lp(a) (p < 0.001) showed an independent association with CAD. In this model, where Lp(a) was assessed as continuous variable, univariate analysis showed that 1 unit increase in Lp(a) increases the odds of CAD by 1.7%.and on multivariable analysis showed that the odds remained almost similar (1.8% increase per 1 unit increase in Lp(a), Table 3 ) suggesting that the risk due to Lp(a) is not confounded by other risk factors.
The risk of CAD was also assessed using it as a categorical variable. For this purpose Lp(a) was divided into quartiles based on its distribution in the control populations. The Lp(a) concentration showed a graded association with CAD. In the first quartile of Lp(a) (<12 mg/dl), 67.7% had CAD as compared to 68.5% in the 2nd quartile of 12e20 mg/dl, 74.5% in the 3rd quartile of 20e40 mg/dl and 83.4% in the 4th quartile (Trend X 2 ¼ 12.65, p < 0.001, Fig. 1 ). Table 4 shows odds ratio of risk for CAD for higher quartiles of Lp(a) compared to the first quartile taken as reference both unadjusted and multivariably adjusted for age, diabetes, 
smoking, hypertension and various lipid parameters. In this model also, risk of CAD increased with increase in concentration of Lp(a) (p value for trend, 0.0026) but the odds ratio was statistically significant only in the highest quartile (OR 2.6 CI 1.530e4.684, p ¼ 0.001) corresponding to Lp(a) value above 40 mg/dl compared to Lp(a) <12 mg/dl. Similarly, adjusted odds ratio for CAD achieved statistical significance only in the highest quartile compared to Lp(a) less than 20 mg/dl (50th percentile of our control population with odds ratio of 2.65 CI 1.622-4.330, p < 0.001, data not shown). We also analyzed the odds ratio of subjects with Lp(a) >40 mg/dl (i.e value above 75th percentile compared to those with Lp(a) 40 mg/dl and multivariably adjusted odds ratio of CAD was 2.308 (CI 1.465e3.636, p < 0.001). Hence in our study, subjects with Lp(a) above the 75th percentile had statistically significant increased risk of CAD compared to those with lower Lp(a) levels, suggesting that there is a threshold of Lp(a) concentration beyond which the risk of CAD increased significantly.
Discussion
Lp(a), a circulatory lipoprotein was discovered in 1963 by the Norwegian physician Kaare Berg 16 and the year 2013 marks the 50th year of its journey as a clinically relevant lipoprotein. Over the last 50 years, Lp(a) has evolved from an antigenic determinant in blood type to the strongest genetically determined risk factor for coronary artery disease. Lp(a) is an LDL like particle which has apolipoprotein (a) attached to apolipoprotein (B) molecule via a disulphide bond. There are 34 different Lp(a) isoforms depending on the size of the apolipoprotein(a). This has resulted in significant variability in measured Lp(a) concentration if assays used are sensitive to variation in number of repeat domain in apo(a). 21, 22 Hence in 2003, an expert panel recommended use of assay systems not sensitive to apo(a) isoforms 23 and was accepted by World Health Organization (WHO) in 2003. 24 In our study, the kit used to asses Lp(a) level was isoform insensitive confirming to norms laid down by WHO. The rate of secretion by liver determines the Lp(a) levels. Apolipoprotein(a) has a close homology with plasminogen, which makes this molecule important not only in the process of atherosclerosis but also in thrombosis. While Lp(a) promotes atherosclerosis by increasing smooth cell proliferation and enhancing LDL-C retention in the subintima, it promotes thrombosis by competitively inhibiting plasminogen and upregulating expression of plasminogen activator inhibitor (PAI). 
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PERCENTAGE OF PATIENTS WITH CAD
QuarƟles of Lp(a)
Trend χ2 = 12.65 , p value < 0.001 Fig. 1 e Percentage of patients with CAD according to quartiles of Lp(a) defined from control group.
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In our study, Lp(a) level showed a positive skewed distribution with a tail towards the highest levels (Fig. 2) . This is in agreement with earlier studies conducted in the India.
1,2,10e12
Vashisht et al 26 in 1992 were the first to demonstrate the presence of elevated Lp(a) in patients of CAD from North India. This was however a qualitative study which had shown that male patients aged less than 40 years, had three times higher incidences of detectable Lp(a) in comparison to control group. Since then, only few small studies have been conducted from North India which have shown the association of Lp(a) with CAD. 1,2,10e13, 27 The total numbers of patients enrolled in these studies were around seven hundred only and the methods used for assays were also different (Table 5) . Hence, to draw definite conclusion about the median level of Lp(a) and its association with CAD, there was a need to study a larger population from North India by using a standard technique of Lp(a) estimation endorsed by WHO. In our study we found that Lp(a) level assessed by an isoform insensitive assay is an independent risk factor for CAD at a concentration above 40 mg/dl corresponding to the 75th percentile of our control population. Our findings are in agreement with studies carried on the white population in Europe and USA reporting that only high Lp(a) concentration (corresponding to the top 20e25% of Lp(a) distribution) are associated with two to three fold increased risk of CAD. 8,28e30 Accordingly the European Atherosclerosis Society Consensus Panel 31 has defined Lp(a) level above the 80th percentile(-corresponding to the 50 mg/dl) to be independently associated with increased risk of CAD. Our study is the first adequately powered study in the North Indian population to show that Lp(a) above the 75th percentile is an independent risk factor for CAD, similar to that proposed by the National Heart Lung and Blood Institute for North American Whites based on the Framingham Heart Study. 23 Hoogeveen RC et al 27 had proposed a cut off value of Lp(a)
of >19 mg/dl on a study in 103 North Indian subjects (57 cases and 46 controls) based on the fact that 25% of the cases compared to 8% of controls in their study had Lp(a) in the highest quartile (>19 mg/dl). However in their study, Lp(a) protein was assessed by enzyme linked immunosorbant assay and value of Lp(a) mass was obtained indirectly by multiplying Lp(a) protein by conversion factor of 3.3. So indirect estimation of Lp(a) may have underestimated the true Lp(a) concentration. Gupta et al 1 had used the same isoform insensitive kit as ours to assess Lp(a) level in a small case control study (48 cases and 23 controls) in North Indian subjects of Jaipur. In that study, Lp(a) concentration of 20e30 mg/dl failed to show statically significant increased risk of CAD similar to our study. However they had not evaluated the risk of CAD at higher levels of Lp(a). Rajasekhar et al, 3 in a study from South India enrolling 151 patients have shown that Lp(a) >25 mg/dl is associated independently with around two fold risk of CAD. Larger studies from various part of the country (Eastern, Western and Central India) are needed to find out the level of Lp(a) associated with increased risk CAD as this will help in better risk stratification of subjects (with or without CAD) and its management. In our study, the median level of Lp(a)in the control group [20 mg/dl] is much higher than that reported among whites (6 mg/dl), i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 2 7 2 e2 7 9
American Indians (3 mg/dl) 32 and Asian Indians residing abroad (16 mg/dl). 33 In our study, Lp(a) level was significantly higher in patients presenting with acute coronary syndrome as compared to those presenting with chronic stable angina (p < 0.001). Patients presenting with acute coronary syndrome comprised 55.8% of the total cases. Dangas et al 34 37 showed that Lp(a) levels correlated with the length of coronary lesions as well as the number of diseased vessels especially those with total occlusions. Similarly in our study, highest Lp(a) levels was observed in triple vessel disease followed by double vessel and single vessel disease and similar findings have been reported by Ashfaq et al 13 and Gupta et al 11 on studies in North Indian population. This finding together with the finding of higher Lp(a) values in patients with acute coronary syndrome suggest the role of Lp(a) in pathogenesis of both atherosclerosis and thrombosis. Low HDL cholesterol is an independent risk factor for CAD. In our study also, low HDL-C was found to be an independent risk factor for CAD which is in agreement with other Indians studies 2, 11, 38 Most of our cases (89.5%, n ¼ 403) were established cases of CAD and were receiving standard doses of lipid lowering drugs. Hence LDL-C and triglyceride levels were similar between cases and controls. In our study, Lp(a) level was significantly higher in patients with LDL cholesterol >130 mg/dl compared to those with LDL <130 mg/dl (median 52.71 mg/dl vs. 30 mg/dl, p ¼ 0.02). This is due to the fact that LDL cholesterol calculated by Friedewald equation also includes the cholesterol carried in Lp(a). Based on our data, we feel that apart from routine lipid profile, Lp(a) should be assessed in all patients of CAD. Statins, the wonder drug for managing dyslipidaemia along with fibrates and ezetimibe has unfortunately no effects on Lp(a) level. 39 
Limitation of study
We had enrolled only symptomatic patients of CAD referred for coronary angiography and had not included the entire spectrum of CAD patients. Hence the Lp(a) levels assessed in our study may not be representative of all patients with CAD. Secondly, majority of our patient were established cases of CAD on standard doses of lipid lowering drugs, which may have altered the association of lipids with CAD in the multivariable regression analysis. However none of our patients were on niacin, which lowers Lp (a) levels.
Conclusion
This is the largest study till date from North India showing Lp(a) above 40 mg/dl assessed by an isoform insensitive assay is an independent risk factor for CAD. Raised Lp(a) level is also associated with increased risk of ACS and multivessel CAD.
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